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AZe] A5 7|54 PdEQ v 3PFE A2 7HeAdE Estaial, Artas] g3t 9 depbd 44
A Ae= AESIYTE A f2 dabd A AEZ2 G MNT-1 A2 d2u oo ko o
54 AFEE YT AT 20 mg/mLo|stol| A AZEAdo] HSS Ik, F27] dAvdS ol AEHles
&0l 2 A}7FEA] FX|A}Q] microtubule—associated protein 1 light chain 3 (LC3) puncta®] Z7}7} &2lL]
At E3 LC39] FEj7F LC3-Iof A LC3-1I2 HIHS Fstg o, 5=t AlZtof| uhal Le3-11%Fo] F7t
Stz A gRlstoint, AR e AS Y AlZoA 20 mg/mL %8 7 U3F Agste] dWapd BdHS 24T
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Abstract: Cellobiose is a dissacharide constituted by two glucose units joined by a -(‘1,4’) glycosidic bond that is produced
by the decomposition of cellulose. This product exists naturally in plants and has been utilized in different industries
as a food sweetener, and as a cosmetic and pharmaceutical material. In this study, the potential of cellobiose as a whitening
cosmetic product was evaluated by analyzing autophagy induction and the inhibition of melanin production. A cytotoxicity
test conducted in the human melanin-producing cell line MNT-1 with increasing concentrations of cellobiose revealed
that this compound did not cause cytotoxicity at 20 mg/mL or less. Based on this, autophagy was firstly evaluated by
immunostaining with the autophagy marker microtubule-associated protein 1 light chain 3 (LC3) after treatment with 20
mg/mL of cellobiose. The subsequent confocal microscopy analysis revealed an increase in LC3 puncta, indicating induction
of autophagy. In addition, autophagy was further confirmed by western blot analysis, which demonstrated that cellobiose
converted LC3-I to LC3-IT in a concentration- and time-dependent manners. An analysis of melanin contents after cellobiose
treatment at a concentration of 20 mg/mL during 7 days revealed that melanin production was reduced by more than
50%. Additionally, the expression levels of melanogenesis-related proteins TYR and TYRP1 were markedly decreased
after cellobiose treatment. Based on these studies, a cosmetic cream formulation containing cellobiose was prepared and
the change in formulation was tested for 4 weeks, and it was confirmed that the appearance changed to liquid form
at high temperature, but the pH did not change. In conclusion, the present research demonstrated that cellobiose activates
autophagy and inhibits melanin production, and showed the potential of this product as a material for whitening cosmetics.

Keywords: cellobiose, natural product, autophagy, whitening, melanin
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**1Ei40eIIMme)9} GARE FRE 7w, AEEsel Ap71aEA] 2A autophagosome) €] 2fE QPYAQ1 Al
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H Lol A AREE A|3EF2] malignant melanoma cell
line (MNT-1)2 vl==EAYUSA)S] Dr. Vincent J.
Hearing®H1E]  HORIE A|Z wiool= fetal bovine
serum (FBS, Gibco, USA), penicillinvstreptomycin (Welgene,
Korea), N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid
(HEPES, Gibco, USA), DMEM/high glucose (DMEM, Lonza,
Switzerland) @} A = H] 2 A(cellobiose, Sigma-Aldrich, USA)E
ARgSR o, Al 54 371 Addolkl= cell proliferation
kit T (#11465007001;Basel, Switzerland)-S A3+ MIT £-4]
o7 wrislgh Mol LC3B (D11) XP® rabbit mAb
(LC3, Cell Signaling, USA), formaldehyde (Biosolution, Korea),
triton X-100 (Sigma-Aldrich, USA), phosphate- buffered saline
(PBS, Gibco, USA), DAPI (Sigma-Aldrich, USA)2} Alexa
Fluor 488-conjugated goat anti-rabbit IgG (Life Technology,
USA)E ARGkt Webd e 24 AEOIE 01 M
trissHCI (pH 7.2), Nonidet P-40 (NP-40), sodium lauryl
sulfate (SDS), protease inhibitor cocktail, 1 N sodium
hydroxide:= Sigma-Aldrich (USA)E AF&5FSich thlzl v
& F3} Ao IGEPAL® CA-630&} polyvinylidene fluoride
(PVDF) 1 2} 34|21 glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), tyrosinase (TYR), tyrosinase related protein 1
(TYRP1) Sigma-Aldrich (USA)E I8I3ick 2 2} gA|Ql
goat anti-mouse IgG (HHL)-HRP, goat anti-rabbit IgG
(FHL)-HRP= (Gendepot, USA)E ARg-5F%Tt.

2.2, MITZHHQF

Adol= SRE SAF AlER A= MNT-1 Al25 A
L3190, 20% FBS, 1% penicillin/streptomycin, 20 mM
HEPESE 77}t DMEM Hijz|5 ARgSto] 37 C, 5% CO,
22014 st 16].

2.3, M= *”—’E—%(Cell Viability) &%

A= /\ﬂi S @75l 98l MIT assay Aae
s Ad W AREEE MNT-1 AL 20% FBS,
1% pemcﬂlm/streptomycm, 20 mM HEPESS #7}st DMEM
HjZE A}g3lo] 37 C, 5% CO, wHF7|ol|A] wleFsisic.
A2 AL MIT asayS o|83lo] A5 17).
MNT-1 AJ3ZZ 2 x 10* cells/well 352 96 well plateo] &

b Alszol A A7keA) B dekd g B AT 367

Z5F 537 C, 5% CO, HjF7]ol|A] 24 h wljokslich Al
ool ARl WiAE A|ASHAL cellobioseS- 10, 20, 40 g/L
S HjR|o] 3l4sto] 7t well U] x*ﬂck‘ﬂl 24 h wjofst
Act dZ2oll= cellobiose S H718HA] & RS AL
BFITE 7L $of| cell proliferation kit H|ZAJA|A] we} EA4]
319ty Sgwl B 2 Al SpectraMAX 190, Molecular
Devices, USA)Z 540 nm A oA 435I o) Zhzk
O] Al 54 AlE &R FABISICE

2.4, HASFLUHAMH (|Immunofluorescence)

MNT-1 MEZZ 1 x 10° cells/dish %= Lab-tek chamber
slide (Thermo Fisher Scientific Inc., USA)o]| B3 & 37
C, 5% CO, 7oA 24 h vieFsaict. A2 wlokol] AF
L= vjRE A|ASEL cellobiose 52 gluoose—g 20 gL &
T2 DMEM HjjR|of| 3lA5}e] Zt dish U] 555}l 72 h HJ}
°‘—“]—°:‘E} 2ol = cellobiose 2 glucoses 7F61A] &

2 DMEM HR|E 3713t 3 thA] 72 h 52t viFsioick

ol g Fnl TS $I5l 4% formaldehyde= 4 Co
A 24 h B9k A TSIk T AT AN 9]
3| triton-100-2 PBSO]| 1%2 3]4d5}led 4 Col|A] 5 min vk
3+ B LC3 antibodyS 1 : 200 v} PBS] 314510] 24 h
B Aol FRRAFICE o) B At 2 A A alexa
fluor 488-conjugated goat anti-rabbit IgG= 4 CollA] 1 : 400
HISE | h E9F 2 2} ¥kSA|7] B DAPLR AEe] e oAl
Stk Qe AL 2% 0)7confocal laser-scanning
microscope, LSM 700, Germany) 2.2 3+&513ich
HIS

2.5. Western Blot2 £35t izl H

= —

wehd Aol Telshs gulael TYR, TYRPIS) Wi
2:9- ol 7] 9Jal] MNT-1 A] 22 x 10" cellsmell %=
2 60 mm culture disho] B35+ & 37 C, 5% CO, Hj7|
oflA 24 h vt Al HH Joll A HiAIE AlASH
37 cellobioses 20 ¢/L ‘5= DMEM Hfjz]o]| ]Asto] z}
well Y A7l tgiZzaofl= cellobioseS H715HA] &F

< DMEM HIAIE H7IRE & ©hA] 4 h 59T Hligssich
o]_?,z AlEZE 005 M Tiis-HCI (pH 7.5), 0.15 M sodium
chloride, 0.01 M magnesium chloride solution®} protease
inhibitor cocktailo] 3Z3HE 8-oNof|A] 1% IGEPAL® CA-630
o7 g5k o]& 4 C 15,000 pm O & 15 min 7+ ¥
HRefslo] A5oe S5 5 BCA asayE ol§3to] 4
aslaick 20 uLo) GUlAS SDSPAGE Aol 47]%%
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slo] 77] Wa Helgh & whilzle PVDFO] &4 Blocking
buffer (1% BSA in TBS)2- A|Z5}0] 4204 1 h blocking

St o]% 1 2 FAIS 1 : 4,000 =2 3|AsHe] 4 C
of|A ovemight %, T}A] 10 min 7FE O & tris-buffered and
tween 20 (TBS-T)E 3 3] AIZ5kck 2 # A= 1 ¢
10,000 sE=2 3)A5te] A2 1 h ¥Rg3F - 3 3] A5t
o] WIsEA|9F 7)E(Thermo Fisher Scientific Inc., USA)E At
83}o] =& 7<3}aL Fusion Solo S (Koreabimics, Korea)
71712 oluAlE F53IT:

|>|I

2.6, "t A =3

Ae] Webd Sekg Z5k7] $18) melanin assay Al
He saetgich AdelA ARG MNT AEE 20%
FBS, 1% penicillin/streptomycin, 20 mM HEPES& 7|3t
DMEM HjR|E A}8310] 5 x 10° cellsywell =2 6 well

Table 1. Moisturizing Cream Containing Cellobiose

Ingredients Phase Co;;)c;nts
Water 39.15
Glycerin 7.00
Butylene glycol 3.00
Hydroxy acetophenone A 0.60
Glycine betaine 0.50
Biosaccharide gum-1 1.00
Allantoin 0.10
Sodium hyaluronate B 1.00
Carbomer 940 (2.0% sol) 20.00
Niacinamide 2.00
Adenosine C 0.05

Cellobiose 2

Glyceryl stearate / PEG-100 stearate 1.50
Sorbitan stearate 0.10
Stearic acid 1.00
Cetearyl alcohol 1.00
Dimethicone/Vinyl dimethicone crosspolymer 2.00
Ethylhexylglycerin b 0.50
Lavandula angustifolia (lavender) oil 3.00
Aniba rosodora (rosewood) wood oil 1.50
Pelargonium graveolens oil 1.50
Limnanthes alba (meadowfoam) seed oil 6.00
Rosa damascena (rose) flower oil 1.50
Dimethicone 4.00
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plateo]] £=53F 5 5% CO,, 37 C 7oAl 7 ¢
5, b GRon W2 AT Aok
A 9500 0.1 M Tris-HCI (pH 7.2), 1% NP0, 1 mg/mL
SDS, 0.1% protease inhibitor cocktail 2 *|2|}o] 83f =
Sgelol MEHL ST ofF 4 T 15000 pmez
15 min 7F QAlHalslo] AFZole ChAS ZASIAT
;dx{ o tﬂl{-q-l,] '61—1—-'/11—— ZX%O].O:IE]. Q};(El%kg BCA
assayS o]-8sto] A, AAE HWede 1 N sodium
hydroxideo]] 26} 100 CollA] 1 h 71251t} ©]% 96 well
pleateo]] 24 Hehd -§HE well F 90 uL H7slaL, &
A= 450 nm apgolA] SEsIRAT17-18).

{%El

2.7. Cellobiose g7 =9 MZE 3 OFEE HE

Cellobiose 2] QJC}% 2B Aee Awsly] ol
TR AR =L & S gl B AU A
Cellobiose©] 2% TG -2 Table 10 #7]3F AR
Azshck

2.8, S|
£ o] it BAZhe 3 3w AES Folol

Hgy B Halmean + SD)2 LERJGICE SAI%L
2 8oJ3} 2Jo|= student’s est B AREBLY] p < 0.05

of Al=lezollA ASsklek

3.z o ma

3.1, Cellobiose =0 = M MZES(Cell Viability)
S0 HAHY XA Het 2

Cellobiose®] 0] T A% A4S lel] 95
MIT assay A3 Foto] ol o Al &S #
=359t} Cellobiose2 10, 20, 40 mgml FE2 X250
24 h ujeFsisick 10, 20 mgml 5= A8 A| thxata}
wsto] Al AEEo] WSkt glglom, 40 mgml =
o= M BESC] AT Hoj=irh UJrEW
T& APES Al SR IS AR Y= 20
mgmlE o Fe= ARt X?suo} ek 7\P7Pi@‘—4
ok S G B ohleh ellEel A, %
2 9l 7jA|9] 1Bk AAJshL kslE ¢lsf o] wl= 2gt
o] 7] EL-E Zt} uwlehA cellobiose #2jof| 2Jslf =}
7} 324 A o] FRIE=A] G157 S8 A7 A
24 vl Qleixl LC3e) uheieke SRIskITho]. A
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2|23 SFIAE AETES RO RE siglom, 2F 3.2. Cellobiose SEQF A|ZHH X|7pEA| B3} BHE
/go]
[e]

A= cellobiose} FAU3E FS A2lalick A9 Ax} Cellobiose #{2je]] 2Jaf] R7lazalaA] g/do] FX==
2 Rl SFeART cellobiose A 2]o|A] A2 A 2RIsE| Q8] A7kEAlAA] FARE Xl LC32)
Al Gt Qe APt A AA7E S7FsE A RIS ek vlaste] ZRIsHITE B3 cellobiose?] FEE
CHFigure 1). AME EAo] ¢l 20 mg/mLE TAA|7]IL cellobiose 2

DAPI

LC3
60
N.S
N.S . - .
Cellobiose (mg/mL)
(B)

CTL

80

Cell Viability (%)
Glucose

=1
Cellobiose

(A)

Figure 1. Effect of cellobiose treatment in cell viability and autophagosome formation in MNT-1 cells. (A) Cell viability of MNT-1
cells after treatment with increasing concentrations of cellobiose. (B) LC3 punta observed by confocal microscopy after treatment of
MNT-1 cells with 20 mg/mL of glucose or cellobiose and immunostaining with LC3 antibody. Nuclei were stained with DAPI. The

ok

results are presented as the mean + SD of the experiment (N = 3), "p < 0.05, "p < 0.01, "'p < 0.005, compared to control.

2
©
-
o
Cellobiose =T
CTL 10 20 mg/mL}) .g § !
LC3B LC3I = E—
— — o
- con =
— — S— E 1]
GAPDH 2 cIL ] 20
Cellobiose (na/ml)
(A) (B)
1.6
3
E
Cellobiose < §
CTL 05 1 2 4 h E:.r 0.8
LC3I B
LC3B =]
— — — — — LCc3m B
=
GAPDH =
— — — E— -l 0.0
Cellobiose (h)

Figure 2. Cellobiose treatment led to increased autophagy in MNT-1 cells. (A) Results of the protein expression levels of LC3-I and
LC3-IT in MNT-1 cells after treatment with increasing cellobiose concentrations. (B) Comparison of LC3-I and LC3-II protein expression
levels relative to Figure 2A after quantification with Image J software. (C) Results of the protein expression levels of LC3-I and LC3-II
in MNT-1 cells overtime after treatment with 20 mg/mL of cellobiose. (D) Comparison of LC3-I and LC3-II protein expression levels
relative to Figure 2C after quantification with Image J software. CTL, also known as control, was not treated with cellobiose. The
results are presented as the mean = SD of the experiment (N = 3), *p < 0.05, **p < 0.01, ***p < 0.005, compared to control.
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© D)

Figure 3. Cellobiose reduced melanin production and downregulated the expression of melanogenesis-associated proteins in MNT-1 cells.
(A) Optical comparison of the melanin contents of MNT-1 cells after treatment with 20 mg/mL of cellobiose. (B) Quantification of the
melanin contents relative to Figure 3A by melanin assay analysis. (C) Expression levels of melanogenesis-associated proteins TYR and
TYRPI in MNT-1 cells after treatment with 20 mg/mL of cellobiose. (D) Comparison of TYR and TYRP1 protein expression levels
relative to Figure 3C after quantification with Image J software. CTL, also known as control, was not treated with cellobiose. The results

are presented as the mean = SD of the experiment (N = 3), p < 0.05, “p < 0.01,

MNT-1 A3zof| AIZFER He]sle] LC32) Walafrs Has)
oIt} CellobioseS Ha|alS m Ewol Al7te|zaos
LC39| 3w 713t Z1e 2RIskIck(Figure 2).

3.3. MNT—1 MZOfA2| Rzt MA x| 2t
ApLEAle] Sk Il we TRMS sk
dlof| Fesitial HalEo] glom, || Esks 5
off Heheg ““EP" Adoll Hofsh= AR TYR 2
TYRP19] H3liEs F=d = = o= od#fA Slot
[20-21]. A= %/\510] = 20 mg/mL F=2] Cellobiose2
MNT-1 Ajlzzef] 7 U3 22] 3, 48 h FA o= ujx]E 1
AT, Melanin assay AH3e 5519 ”*‘11}‘4 Hawke
AESFIE Cellobiose s thEt H|wS15-S |, cellobiose
x{ﬂ:,mﬂ/ﬂ Loldog /\1-20147} xlx%goﬂ/e] /\H/Ll-o] I3k
Yoz PEBIAL melanin assay HY AE F3l E
2 gho] Aske RIS Cellobiose2 MNT-1 Al
304 20 mg/mL *|2]5to] TYR, TYRP1 western blot 413
= Foto] AR ERRISKITE Tzt HIS| cellobioses-
A5l o, TYR, TYRP19] Wdsfo] Afjd o= A
Sh= 22 RIS o= QI o= cellobiose} mlwl A7)
29] BE 71540l S-S AT Figre 3)

1

3.4, Cellobiose &% 3Ela O

Cellobiose & = go] == 4 C 25 C, 37 C, 50
C, 43509713 2314 C,RT, 37 C, iy gl = 2
2] o] QoA gk e 50 C L& 27N 3

el ok 3] A, A48 Al 4 =, 2022

sk

p < 0.005, compared to control.

Moisturizing Cream

Period
e (Containing Caliose 229

!
Immediately |5

o After
el . 1 weeks
manufacturing o _n ;m_
4 °C 25 °C 37 ”C 50 t
pH pH _54] 542 542 542
After After
I day 2 weeks
4T 28T 37T 50T
pH pH 558 559 553 559
i 1 ‘
Afier F BB W'\‘ After
2 days 4 weeks
| o e M-
SRR TR ) 1
4T 5%€ 37T 50T 4T BT 3TT HT
pH 559 55% 558 558 pH 563 563 562 563
|
After
3 davs e -
4T 25T 37T 50T
pH 556 5556 6555 556

Figure 4. Stability of a cosmetic cream formulation containing
cellobiose. The stability of creams formulated with 2% cellobiose
was tested by monitoring the pH and the visible features of the
products over 4 weeks.

£o] d3} FAFo 7 39U = K] FARS ol 4= 93l
o pHe ATl Algoluke} Heb) gilekFigure 4). Xﬂ
Po| W= ekt 1.2 50 C 2% 27loAe] AEe
AR TRt Al Fes) s Az w%%*
T k& Ao= AEEti(Figure 4).



SIS ARE, ok JYF B PR ARl 384
ofolA] '6‘—9—0}7'" 2k 71 gtk E3), cellobiose= 27)9]
B14-d4E SRS dRAR Ao FHIE ]
cellobiose®] At 7l=Zslio]l oJsf] AFdA] = dojx|w,
A 7hsolu A Zefhtel e aats oA A
& AoF T thdRt EofollA B8 QIrf1-3, 22].

2 Atela= QI Hehd Al MNT-1 AEE 59
Azr| 0] Mzm/d 9 AphEdls 2493t 9 deid
A Aawke RIsklth w R ArfzA] vEES Al
W o o] dEAY AEY A7) HesHA| s
= off EatE|o] ofvAE AYARsIAL &4 AE2E Al
Ate =y eopix|, dWepd A WA 7lse] slen,
T& A3ze] AZ3E AEE 3R A)7|1 olE 2R o)
o Ql5ol Ft dE F3l FEE AL UTT-11]. E?‘{P
ARe] TS AAsls WehdS AejHoRiE f
A Hoskal, A 2fe|Z(free radical)s A|A 5o *ﬂi
Well F-a3t g o1A Hrk sx|eh depds wefish=
A A Wofl EASHA] ¢hol, e o] HEshA A/
g Ao 7oy ) 7o A ARES guksit
[15-17, 20-21].

MNT-1 A|ZZof|A] celloblose«I A3z =4 It A3 40
mg/mLopol|A AliE=Ad0] e EIsto] o]F AF
L 20 mgmLz 1145} Mv‘o}oﬂq T2 dnges

Lo ko] ZEQAE cellobioseT} £ 5& &= A
e, ARz wARE dEzl
oellobioseoﬂfﬂ A7pzs] Bidelz Qlsf XP7F AleA7E F
7Feh A g1kt tlEo] cellobioseE = Al7HH

“045} A3} LC39| = SR 25 2}Isieith

Cellobiose®] e A4 WstE HESH A} 20 mg/mL
Fe A8 tizatol Bluste] depd *E*é%ol o
= ZRI5H3Lom, westem blot AE-2 F5to] Hepd A4
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